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SUPERCHARGING APPARATUS FOR AN ENGINE 

Field of -the Invention 

The present invention relates to a so-called two-stage 
5 supercharging apparatus in which a high-pressure stage 
supercharger and a low-pressure stage supercharger are 
arranged in series in an exhaust gas passage and in an intake 
air passage of an engine. 

10 Description of the Related Art 

There has been widely put into practical use a 
supercharger, which operates the turbine by utilizing the 
exhaust gas energy of an engine and supercharges the intake 
air by a compressor which is driven by the turbine, and there 

15 has been also known a so-called two-stage supercharging 

apparatus in which superchargers are arranged in series to 
efficiently recover the energy of exhaust gas. The two-stage 
supercharging apparatus comprises a high-pressure stage 
supercharger that has a high-pressure stage turbine arranged 

2 0 in the exhaust gas passage of the engine and a high-pressure 
stage compressor that is arranged in the intake gas passage 
of the engine and is driven by the high-pressure stage turbine, 
and a low-pressure stage supercharger that has a low-pressure 
stage turbine arranged in the exhaust gas passage on the 

25 downstream side of the high-pressure stage turbine and a 

low-pressure stage compressor that is arranged in the intake 
air passage on the upstream side of the high-pressure stage 
compressor and is driven by the low-pressure stage turbine, 
as disclosed in, for example, JP-A 2001-140653. 

30 The above two-stage supercharging apparatus has a 

prerequisite of using a turbo-charger comprising a turbine and 
a compressor of small capacities as the high-pressure stage 
supercharger, and a turbo-charger comprising a turbine and a 
compressor of large capacities as the low-pressure stage 
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supercharger. That is , when the two-stage supercharging 
apparatus is in operation, the high-pressure stage compressor 
has an inlet pressure which is higher than that of the 
low-pressure stage compressor. Therefore, a corrected mass 
5 flow at atmospheric condition (= (mass flow x *T ( inlet 
temperature/atmospheric temperature) -r (inlet 
pressure/atmospheric pressure) ) at a compressor operation 
point becomes small in the high-pressure stage and becomes 
large in the low-pressure stage. Accordingly, it is a matter 

10 of course that the high-pressure stage compressor has a 

capacity smaller than that of the low-pressure stage compressor. 
On the other hand, as for the turbine, too, it is quite natural 
that the high-pressure stage turbine has a small capacity and 
the low-pressure stage turbine has a large capacity to maintain 

15 balance relative to the capacities of the compressors. To 
improve response characteristics of the turbo-chargers in the 
above two-stage supercharging apparatus, it is a generally 
accepted practice to further decrease the capacity of the 
high-pressure stage turbine and to use, chiefly, a high- 

20 pressure stage supercharger at the time of low-speed operation 
so as to increase the supercharging pressure, while, to allow 
the exhaust gas to by-pass to introduce it into the low-pressure 
stage turbine and to use, chiefly, the low-pressure stage 
supercharger of the large capacity at the time of high-speed 

25 operation, thereby to prevent over-running of the high- 
pressure stage supercharger. 

When it is attempted to further increase the 
supercharging pressure in the two-stage supercharging 
apparatus, a decrease in the capacities of the turbines while 

30 maintaining a relationship between the high-pressure stage 
turbine capacity and the low-pressure stage turbine capacity 
(high-pressure stage turbine capacity < low-pressure stage 
turbine capacity) , results in an increase in the pressure ratio 
(inlet pressure of turbine/outlet pressure of turbine) of the 
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high-pressure stage turbine, in an increase in the back 
pressure, in an increase in the pumping loss and hence, in a 
decrease in the fuel efficiency. Further, as the pressure 
ratio of the high-pressure stage turbine increases and the back 
5 pressure increases, there is obtained no effect for improving 
the turbine efficiency of the high-pressure stage turbine based 
on the pulsation of exhaust gas. Accordingly, the turbine 
efficiency decreases, the pumping loss increases, and hence, 
the fuel efficiency decreases. The conditions for increasing 

10 the turbine efficiency based on the pulsation of exhaust gas 
are that the pulsation of exhaust gas is strong and that the 
turbine pressure ratio calculated based on average pressures 
is small. Therefore, if the turbine capacity is decreased to 
further increase the supercharging pressure as described above, 

15 the pressure ratio of the high-pressure stage turbine becomes 
so great that there is obtained no effect for improving the 
turbine efficiency of the high-pressure stage turbine based 
on the pulsation of exhaust gas. 

20 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
supercharging apparatus for an engine of the two-stage 
supercharging type which suppresses an increase in the back 
pressure of the engine, secures the effect for improving the 

25 high-pressure stage turbine efficiency based on the pulsation 
of exhaust gas, and increases the supercharging pressure. 

The present invention has been accomplished based on a 
discovery that the high-pressure stage turbine in the two- 
stage supercharging apparatus is affected by the pulsation of 

30 exhaust gas, but the exhaust gas that acts on the low-pressure 
stage turbine after having passed through the high-pressure 
stage turbine, has no pulsation. 

That is, according to the present invention, for 
achieving the above object, there is provided a supercharging 
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apparatus for an engine comprising: 

a high-pressure stage supercharger having a high- 
pressure stage turbine arranged in an exhaust gas passage of 
the engine and a high-pressure stage compressor that is 
5 arranged in an intake gas passage of the engine and is driven 
by the high-pressure stage turbine; and 

a low-pressure stage supercharger having a low-pressure 
stage turbine arranged in the exhaust gas passage on the 
downstream side of the high-pressure stage turbine and a 
10 low-pressure stage compressor that is arranged in the intake 
air passage on the upstream side of the high-pressure stage 
compressor and is driven by the low-pressure stage turbine, 
wherein : 

the low-pressure stage compressor has a capacity larger 
15 than a capacity of said high-pressure stage compressor, and 
the low-pressure stage turbine has a capacity equal to, or 
smaller than, a capacity of the high-pressure stage turbine. 

BRIEF DESCRIPTION OF THE DRAWING 
20 Fig. 1 is a block diagram illustrating the constitution 

of a supercharging apparatus for an engine constituted 
according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
25 A preferred embodiment of a supercharging apparatus for 

an engine constituted according to the present invention will 

now be described in further detail with reference to the 

accompanying drawing. 

Fig. 1 is a block diagram illustrating the constitution 
30 of a supercharging apparatus for an engine constituted 

according to the present invention. 

The engine 2 in the illustrated embodiment is a diesel 

engine which comprises an engine body 21, an intake manifold 

22 and an exhaust manifold 23. An intake air passage 24 is 



connected to the intake manifold 22, and an exhaust gas passage 
25 is connected to the exhaust gas manifold 23 . A high-pressure 
stage supercharger 3 and a low-pressure stage supercharger 4 
are arranged in series in the intake air passage 24 and in the 
5 exhaust gas passage 25. The high-pressure stage supercharger 
3 comprises a high-pressure stage turbine 31 arranged in the 
exhaust gas passage 25, a high-pressure stage compressor 32 
arranged in the intake air passage 24, and a rotary shaft 33 
coupling the high-pressure stage turbine 31 to the high- 

10 pressure stage compressor 32. The low-pressure stage 

supercharger 4 comprises a low-pressure stage turbine 41 
arranged in the exhaust gas passage 25 on the downstream side 
of the high-pressure stage turbine 31, a low-pressure stage 
compressor 42 arranged in the intake air passage 24 on the 

15 upstream side of the high-pressure stage compressor 32, and 
a rotary shaft 43 coupling the low-pressure stage turbine 41 
to the low-pressure stage compressor 42. A relationship of 
the capacities between the high-pressure stage turbine 31 and 
the high-pressure stage compressor 32 constituting the 

20 high-pressure stage supercharger 3 and a relationship of the 
capacities between the low-speed stage turbine 41 and the 
low-speed stage compressor 42 constituting the low-pressure 
stage supercharger 4 will be described later in detail, in 
the illustrated embodiment, a high-pressure stage charge 

25 cooler 5 is arranged in the intake air passage 25 connecting 
the high-pressure stage compressor 32 to the intake manifold, 
and a low-pressure stage charge cooler 6 is arranged in the 
intake air passage 25 connecting the low-pressure stage 
compressor 42 to the high-pressure stage compressor 32. 

30 Next, described below is the operation of the 

supercharging apparatus for the engine. 

The exhaust gas emitted from the exhaust port of the 
engine body 21 into the exhaust gas passage 25 through the 
exhaust manifold 23 works to operate the high-pressure stage 
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turbine 31 in the high-pressure stage supercharger 3 and 
further works to operate the low-pressure stage turbine 41 in 
the low-pressure stage supercharger 4. On the other hand, the 
intake air of which pressure has been raised by the low-pressure 
5 stage compressor 42 that is driven by the low-pressure stage 
turbine 41 , passes through the low-pressure stage charge cooler 
6. Then, after its supercharging pressure is further boosted 
by the high-pressure stage compressor 3 2 driven by the 
high-pressure stage turbine 31, the intake air passes through 

10 the high-pressure stage charge cooler 5 and is supplied to the 
engine body 21- On this occasion, if the capacities of the 
high-pressure stage turbine and the low-pressure stage turbine 
are decreased in an attempt to raise the supercharging pressure, 
the pressure ratio of the high-pressure stage turbine increases 

15 as described above, whereby the back pressure increases, the 
pumping loss increases, and there is obtained no effect for 
improving the turbine efficiency of the high-pressure stage 
turbine based on the pulsation of exhaust gas. Accordingly, 
the turbine efficiency drops, pumping loss increases and 

20 conseguently , the fuel efficiency is deteriorated. 

According to the present invention, in order to solve 
the above problems, a relationship of the capacities between 
the high-pressure stage turbine 31 and the high-pressure stage 
compressor 32 constituting the high-pressure stage 

25 supercharger 3 and a relationship of the capacities between 
the low-pressure stage turbine 41 and the low-pressure stage 
compressor 42 constituting the low-pressure stage supercharger 
4, are set as described below. Namely, the capacity of the 
low-pressure stage compressor 42 is set to be larger than the 

30 capacity of the high-pressure stage compressor 32, and the 
capacity of the low-pressure stage turbine 41 is set to be equal 
to, or smaller than, the capacity of the high-pressure stage 
turbine 31. In the supercharging apparatus in which the 
capacity of the high-pressure stage supercharger 3 and the 
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capacity of the low-pressure stage supercharger 4 are set to 
a predetermined relationship, for example, the supercharging 
pressure can be further increased by decreasing the capacity 
of the low-pressure stage turbine 41 so that it is set to be 
5 equal to, or smaller than, the capacity of the high-pressure 
stage turbine 31, without decreasing the capacity of the 
high-pressure stage turbine 31. That is, since the capacity 
of the high-pressure stage turbine 31 is not decreased, the 
pressure ratio of the high-pressure stage turbine does not 

10 increase, making it possible to suppress an increase in the 
back pressure as well as to maintain the effect for improving 
the turbine efficiency of the high-pressure stage turbine based 
on the pulsation of exhaust gas. The low-pressure stage 
turbine 41, on the other hand, is not affected by the pulsation 

15 of exhaust gas and its turbine efficiency does not change so 
much even though its pressure ratio is increased. Accordingly, 
the supercharging pressure can be elevated by decreasing the 
capacity of the low-pressure stage turbine 41. 

The supercharging apparatus for the engine according to 

20 the present invention is constituted as described above, and 
exhibits action and effect as described below. 

Namely, the capacity of the low-pressure stage 
compressor of the low-pressure stage supercharger is set to 
be larger than the capacity of the high-pressure stage 

25 compressor of the high-pressure stage supercharger, and the 
capacity of the low-pressure stage turbine of the low-pressure 
stage supercharger is set to be equal to, or smaller than, the 
capacity of the high-pressure stage turbine of the high- 
pressure stage supercharger. Therefore, the pressure ratio 

30 of the high-pressure stage turbine does not increase and 

consequently, it make possible to suppress an increase in the 
back pressure and to maintain the effect for improving the 
turbine efficiency of the high-pressure stage turbine based 
on the pulsation of exhaust gas. The low-pressure stage 
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turbine, on the other hand, is not affected by the pulsation 
of exhaust gas and its turbine efficiency does not change so 
much even though its pressure ratio is increased. Accordingly, 
the supercharging pressure can be elevated by decreasing the 
5 capacity of the low-pressure stage turbine, i.e., the 
supercharging pressure can be elevated without being 
accompanied by an increase in the pumping loss, and the fuel 
efficiency can be improved . 
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